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OBJECT

To investigate the effect of projectile nose hardness upan penetration performance,

SUMMARY

Projectile penetration performunce was investigated ss a function of projectile
nose hardness. Th. 20 mm model of the 90 mm AP M318 (T33) monoblo: steel snot was
teated for four different Rockwell C hardnesses (63 to 64, 6! to 62, 56 and 49). These
hardnesses were obtained by tempering at 250°, 350°, 550°, and 8GU” F, sewspecrively.
Targets investigated included: 3/4 inch (0.95 csliber) plate at 55” and 60° obliquities,
7/8 inch (1.11 caliber) plate at 20°, 30° and 55° obliquities and 1 1/8 inch (1.43
caliber) plutes ot 20° and 30° obliquities. Protection balliatic limits of each one of
i1hese homogeneous armor targets were compared for the four shot hardnesses.

For shattering projectiles in the hardness range of 56 to 64 Rockwell C there were
no significant differences among the various ballistic limits., The main effect of
hardness was to alter the velocity at which shatter occurred, which made softer shot
less effective against certain targets. Hard shot provided s low end a high ballistic
limit for certain low obliquity targets, whereas scft shot provided only the hish bal-
listic limit. The softer intact shot in the 56 to 64 Rc range were slightly inferior
to the hardest intact shot presumably because the softer shot deformed more and re-
quired more energy to defest the same targets. Shot as soft as 49 Rockwell C generslly
were quite inferior to the harder shot agasinat overmatching targets at low and high
obliquiti= . Chot hardness was more critical for overmatching low obliquity targats
than for matching high obliquity targ:-ts.

AUTHORIZATION

00 400.112/22325, ORDTA, FA 471.1/1557-1, 1C Dec 4S
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INTRODUCTION

Since World War 1I, conventional armor piercing shot developed fur attsck of tank
armor have gencrally been as hard as reasonsbly possible (60 to 64 Rrc), Shot of hi,’
hazduecss are more resistont to deformation ad shatter than soft shot and tetter for
the defeat of overmatching armor plate at low and intermedinte obliquities. However,
some of the rcurrent tank tasgets, which consist of mutching and undermatching armor 2%
high (55” to 70°) obliquities, have on occasion been defeated as essily and somzstimes
even more easily with soft (55 Rc) shot than with vary hard shot. For these conditian:
ol uttack it is more desirable for the slwtl to Jdeform and shoiter ecurly in the pencira-
tior. process than to remain intact and tend to ricochet, By shattering. the shot punrk
through the armor and eject plugs. In order to investigate this situastion more th,-.
oughly, the subject firings were conducted.

MATERIALS AND METHODS
Projectile Type and Composition
The 20 mm model of the 90 nm moncLloc AP M348 (T33) shot was used in th-se firings.
A picture and drawing of this shot are included in Figures 1 and 2, All shot (Lot 2165)
were machined from 13/16 inch diemeter bar s.:ock cf one heat of manganese molybdenum
(¥Mo, Fed Spec 57-107-33) steel. " Each shot weighed approximately 1800 grains. The
composition is listed in Table I,

Neg. #24423-1
R-1177

Figure 1. 20 mm modei »f 20 irm AP M318 (T33) shot
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Pl Table I. Per Cent Composition
[ n No P S Si {V_l (;‘: Z_
0.74 0,90 1.04 0.02 0.04 0.33 0.05 0.15 0.02

Heat Trealmunt

All rhot were ausianitized in sslt at 1550° F and quenched into Lrine. Afcrr
dividing them into four groups, one group was tempered at 250° F, one a: 350° F, one at
S50° F and one at 800° F. All shnt were then base tempered by indi<tion. These treat-
menty produced tcmpered martensitic structures. K rdncss patterns for the various tem-
pering temperatures are included irn Figure 3.

Plaze

All firings weite conducted against rolled homrgeneous armor. The various r ate
thicknesses, hardanesses end obliquities arc included in summary Teble II. Plates of
different herdnesses were chosan for the 3/4 inch- and 7/8 inch-plate firings at high
obliquity to investigate the effect of shot hardneas more thoroughly.

Firing

A 20 mm Nann type barrel chambesed for the T20 (.60/20 mm) cvse was used for all
firings. For vrlocities in excess of 3000 fi's a special chember extension wes screwed
onto the above ba-7el to accomnodate a two piece, double length case. The distaince
from the muzzle to the plate was 215 feet. Velocities were measured on counter chrono-
grephs ectusts by three pairs of solennids, the base line centers of which were 32, 87
snd 132 feet ,um the plate., Thoee paics of tolenoids were used in order to correct
the measured vel~rities to actual striking velucities,

Evaluation

Protection Lallistic limits were usicd o @& criterion for compariny the pnetrexion
performance of the var‘uv.os shot groupz. Mos? of the liuits were obtein~d by sveraging
the velovities of the bighcst partial and lowest connlete penetrations nf each group of
firings., For firings where 8 10n® of mixed partisl md cosplete penetrations occurred
the F1llistic Limit was obtsined by sveraging the voiscizies irm the zone. Limite} fir-
inr: were cudicted for some test cooditions so tha® ~re conditiui's could be

CONFIDENTIAL
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Neg. #24423-3

R-1117
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investigated. For the majority of ballistic lim:ts the velocity Aiffercace hcotween
the highest partial and the lowcst complete penetrat.ons was less then 56 feet per
second. All projectiles were recovered in plywood and were exemined for the extent ~f
deformaticn and failure A descriptir~ =f the rcceverad projeccaiie for each round is
included in the Appendix.

RESULTS and DISCUSSiOM

Table II summarizes the proiection ballistic limits ior cach projectile hurdness
group and for each target condition investigated. The condition of the re~cvered p-o-
jectile at each ballistic limit velocity is also included. Figu.es 4 to 10, inclusive,
represent plots of all rounds fired for the four tempe-ing temperstures as & tunction

of striking velocity. The protection ballistic limit for each target conditicn is in-
dicated between the partial anu complete penetration veloucities —long with the condition
(intact or shattered) cf =2ach recovered shct.

it may be noted thet for shattered shot, generally, there were no significant
differences in ballistic limits for sho’ in the hardness range of 56 to 64 Rockwell C.
Some of the resuits seem to indicate that the softer shot were slightly superio- tc tae
hardest shot for conditions where both shattered i1 defeating the plate. For the 3/4
inch (0.95 caliber) plate firings the softest (49 Rc) shot wers pructically as efficient
as the hardest (63 to 64 kc) shot. Since conventional shot shatter in defeating high
obliquity matching and slightly undermatcliing plates which usually fail by means of
punching or plugging, these targets are not particulerly sensitive to shot contour and
hardness. However, for the thicker, overmatching plates at high and low obliquities,
the softest shot were much inferior to the harder ones. Furthermore, ballistic limits
obtained with intact soft shot were slightly higher than those obtained with intact
hard shot becsuse the softer ones presumably deformed more and required more velocity
and energy to defeat the sume targets. To dafeat the:e targets the shot must push the
plate material as” ° during most of the penetration.

The differences among the balliztic iisuts of the harder 3/4- and 7/8-inch plates
at 60° and 55° obliquities generally were no greater for the various nose hardnesses
thar. thos~ of plates of lower hordness. Furthermore, the limi’ - ~f .ha hard 3/4-inch
plate at 60° obliquity were pras: volly equal to those of the softer nlate at 55°
becguzs¢ punchings or plugs were ejected more easily from the hard plate than from the
scfter plate. Ordinarily, for pleves of the same thickness and hardness, 60° Jblicuity

targets are more di:ificult to defeat with conventiona' < ,t than 55° i..gets.
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Shatter Gap

It may be noted in Table Il and Figures 7. 8 msnd 10 tha! two ballistic limits,
one with intact and one with shattared shat were obtreined t.: some 5i the avermatching
low nhliquity tirings. (n these cuses m shatic. gap resulted .n which plite perfara-
tion could be chtatned above and below pbut no’ within a certain velocity interval.
Perforation below this velocity range was obtiined with iatact shot und abnve the rangpe
with shattered shot. Within the rmige the shot shattered and d..a not have enough
energy to perforate the plate.

Shatter gaps were not observed for the harder (61 to 64 Rc) shot fired sgainst
7/8 irch (1,11 celiber) pisce at 207 obliquity but a shatter .ap was observed Jor the
softer (56 Re) shat  The cnftagt (49 23 2hit Lulso did ned demonstrate a shatter gap
and only provided the high bhallistic limit. This performance was in marked coucraczt
to *Le behavior with tam 1 +:ler shot which did not exhibit a shatter gap recause it was
able to remain effective in defrating the *nrget at all velocii.cs muave vhis +F b=
'ow limit. In addition, ageins' 7,8-inch plate at 30° obliquity and | 1/%-inch plate
at 20° obliquity, only the harde: shot could perforate both in sn intact snd a shattered
condition, whereas the softer shot cculd perforste on'v in a shattered condition. This
shows that shot hardness is criticsl for the overmatching low obliquity targets. Also,
conventional monobloc shot should not be softer thar approximately 55 Rockwell C in
order to be able to deferat uvermatching targets similsr to those of this investigation.

CONCLUS I OnS

1. When all conventional shot remain intect or when all shot shatter in defeating
a target, there 13 little difference in their penetration performence due to shot hard-
ness in the range of Rockwell C $4 to 64 The main cttect ol hardness is to alter the
velocity at which shatter occurs, which may mahe s.."ter shot ‘ess effective agminst

some targets,

2. Hard shot provide o low amd 8 higir Lartlistac Limit for certawn low obiiquity

target~. whereas sofl . shot provide only the high ballistic limit.

3. Shot approximetely . -oft an Rockwel! C SU gencrally are inferior tov hacler
ahnt

4. Soft 2'mt, remrining intact du-ing per=trati-n, icyusre aslightly mnre ¢ ergy

to delen. & torget than harder shot which remeia intac: and defoem less.

5. Shot haridnesy 13 more critical fof vverwnte: e '@ vbliquity piate targete
than for satching high obliquity plste tergets.

14
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FUTYURE wWORK

Additional t>sts sre being planned to investigat. the effect ..f shot nose hardness

on penetration performance against thinner, und.rmatching plate. Investigstions also

will be conducted to determine further the effect nf steel -~omposition snd microstruc-
ture upony shet penetration parformance. The results cf these tests at the 20 =x sosle
will be compared with those obtained ot full scele.
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¢ 1efined according to Ordrance Department Bulletin No. 24-4<.
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Partin! penetration

Complete penetration - Army criterion®
Complete penetration - Protection criteiion®
Complete penetration - Navy criterion, shot intact®

Complete penstration - Navy criterion, shot fracturede®

Conplcte penetration - Navy criterion, sheot shintterede
3mall builge
Medium bulge
Large bulge
Crack

No :crack

Plug
Plug
Back
Back
Back
Face
Nose
Rsse

out

out started
spall
spall started
petals

petals

intact

intact

Shatter
Fracture
Local shear

Base
Base
Shot
Shot
Shot
Ncse
VYery
Nose

(projectile) in plate
(projectile) not recovered
cracked during quenching
intact

intact in plate

intact in olate

sasll bulge

shatter in plate

iractions following NI indicate epproxiests retio of nise Iragmeat to tote! longti. of sher boly,

$~actions ‘ollowing BY iadicate spproximate rautiv of

Approximate value for protection ballistic limit.

Velocities in tone of mived reauits avereged to ol’sas pro.astion dallistic timit,

Plate 2ca¢  -«tont in inches.
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Striking

3190
3098
2650b
2573b

3175
3104c
3028
2984¢c
2978c
2182

2049
2840b
2745b
2720
s

s

3016b
2977b
2930

Velocity

{. Firing with 20 mm AP T33 Shot (Lot 7165) against ©

A.

B.

C.

D.

CONFIDENTIAL

FIRING RECORD

"‘-inch

Thick Homogeneous Armor at 60° 7 liquity

Plate

250° F Temper
CP(NS)-PO
CP(ASP)-PO
CP(AP)-FO
-SB-NCk

350" F Temper
CP(A&P)-PO
CP(A8P)-PO
PP-MB-k
fP-LB-Ck
CF(AAP)-PO
PP-LB-Ck

$50° F Temper
CP(ASP)-FO
CP(ASP)-PO
PP-SB-NCk
. P-SB-NCk
PP-SR-NCk

800° F ‘lem>:
CP(AMP)- PO
CP:ABP)-PO
CP(AN)-TO
PP-MB-NCk
PP-MB-NCk

Penctration Results

Shot
vs Plate No. 70 (352 te 356 Bhn)
BI 2/5-Sh-Fr-LS (2.
BI 1/4-Sh-Fr-LS (1.
BI 1/4.Sh-Fr-LS (1.

Bl 1/4-Sh-Fr-LS (2

FuL 7 2955 ips

vs Plate No. 70 (352 to 356 Bhn)

BI 1/4-Sh-Fr-LS (2.
BI 1/4-Sh-Fr-1S 2.
BI 1/5-Sh-Fr-LS (2.
BI 1/5-Sh-Fr-1S (2.
BI 1/5-Sh-Fr-LS Qa
BI 1/4-Sh-Fr-1S (.

PBL 2 3025 fps

vs Plate No. 70 (352 to 356 Bhn)

Sh-Fr-LS (2.
Sh-Fr-LS (1.
Bl 1/4-Sh-Fr-LS 2.
BI 1/4-Sh-Fr-i8 (.
Sh-p . -LS (1.

N 4279 fps

vs Plate No. 70 (352 to 356 Bhn)

BI 1/3-Sh-1S (2.
BI 1/3 Sh-LS 72
BI 1/3-Sh-L7 (2.
BI */5-Sh-LS (2.
Bi 2/5-8Sha¥ (2.
Pal. = 2995 fps
20
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Striking
Velocity

3115
2985b
29755
2q1n0
2870

nonn
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T1I. Firing with 20 == 42 7.2 Shet (Lot 216S) against 3/4-inch
Thick Homogeneous Armor aut 55° Obliquity

A

Plate
250° F Temper
CP(ARP)-PU
FP-LB-Ck
CP(NS)-PO
FP-LB-POS
PP-LB-NCk

™ iID M.
B S S5 2t 4

350° F Temper

CP(A)-POS
¥P-LB-Ck

550° F Temper

CP(AS?)-PO
CP(AMP)-PO
PP-LB-POS
CP(A)-POS

800° F Teip 1

CP(ANP)-PO
CP(ALT -90

PP-LE-NCk

Perztration Rest.
Shot
vs Plate No. 38 (293 to 302 Bhn)
BI 1/4-Sh-Fr-LS
Bl 1/4-Sh-Fr-LS
BIP-Sh-LS
BI 1/3-Sh-Fr-1S

BNR-Sh-Fr-LS
RT 1/3-8h-18

PBL = 2980 fis

vs Plate No. 38 (293 to 302 Bhn)
BI 2/3-Sh-Fr-1S
B3I 1/4-SLi-Fr-LE

PBL > 2980 fps

vs Plate No. 38 (293 to 302 Bhn)
BIP-Sh-LS
Sh-Fr-LS
Sh-Fr-LS
BI 1/3-8h-Fr-1S
PBL = 2965 fyi.s

s Plate No. 38 (293 to 302 Bhn)

BT 1/3-Sh-LS
BIP-Sh-L5
BI 1/32-Sh.1S

BI 1,3-Sh-1S
PBL = 3020 fps
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Striking

Velocity

3442
3362b
3353b
3160

3390
331s5b
3282b
3185

3305b
3250b
3166
2900

3685
3635L
3600b
3505
3280

III.

CONFIGENTIAL

Firing with 20 nm AP T33 Shot (Lut 2165 against 7/8-inch

Thick Homogenecus Armor at 55° Obliquity

Penetrarion Resulis

Plat: it

A. 250° T Temper vs Plate No 29 (429 Bln)

CP(A&F)-BS BI i’4-Sh-Fr-LS
CP(A&P)-PO Sh-Fr-LS
PP-LB-BSS Sh-Fr-1S
PP-SB-NCk Sh-Fr-LS

PBL = 3355 fps

B. 350° F Temper vs Plate No. 29 (429 Bh-\

CP(A&P)-PO Sh-Fr-LS
CP(A&P)Y-PO Sh-Fr-LS
PP-LB-POS BI 1/5-Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS

PBL = 3300 fps

C. 550° F Temper vs Plate No. 29 (429 Bhn)

CP(ALP)-PO Sh-F:-LS
CP(A)-POS Sh-Fr-LS
PP-LB-Ck Sh-F:-LS
PP-SB-NCk Sh-Fr-LS

TL = 3275 ips

D. €70°F Temps: vs Plate No. 29 (429 Bhn)

CP(ASP) -BS BI 1,3-Sh-LS
CP(ASF)-+. BI 1/3-3h-Ls
PP-W9-B5S Sh-Fi-1S
PP-MB-Cht BT 1/3-Sh-LS
PP-SB-NCk BI 1/3-St-Fr-18

PBL = 3620 fps
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CUNi DENTIAL

IV. Firing with 20 mm AP 733 Shot (Lot 2165) against 7/8-inch
. Thick Homogeneous Armor at 10° Cbliquity

- Striking Penctration Re<rlts
" . Velocity Plate Shot Scoupd
. . A. 250° F 1:mper vs Plate No. 49 (293 to 302 Bn) s
¢ 2833 CP(NS)-PO BI 1/4-Sh-LS (1.5 5 1.5)
| 2737 CP(NS)-PO Sh-18 (1.6 x 1.3) .
2687 CO(NF)-RS BI 1/3 %r (1.7 x 1.1
1. 2679¢ CP(A)-POS Sh-Fr-LS (1.5 = 1.2)
2676¢c CP(ASP)-PO Sh-Fr-LS (1.5 x 1.4) ,
2670c CP(ASP) BI 1/4-Sh-Fr-.8 (1.4 % 1.4)
. . 26b0c FP-POS Sh-Fr-1S (1.5 x 1.3)
) 2600 CT(NT}-PO ST (1.5 x 1.1)
' 2590 CP(NF)-PO Ni 2/3-BI 1,2 F (L€ x 1.2)
’ 2443 CP(NF)-PO Bl 1/3-Fr 0w 1.2)
2295b CP(A&P)-PO BI 1/3-Fr (1.R x 1.2)
Y 2130b PP-LB-Ck BI 3/5-Fr (2 x 1.1)
- 2097 PP-LB-Ck SI (2 x 1.2)
’ PBL 2 2165 (Fr); = 2670 (S,
. B. 350° F Temper vs Plate No. 49 (292 to 3U2 Bhn)
. 2682 CP(A&P)-PO Sh-Fr-LS-BI? (1.7 x 1.4)
: 2663b CP(A&P)-PO Sh-Fr-LS (1.5 x 1.4) :
' 2615b PP-LB-POS Sh-Fr-LS (1.7 x 1.3) {
' . 2610 PP-LB-Ck BI 1/3-Sh-Fr-LS (1.7 x 1.3)
| 2540 CP(NT)-PO S1 (1.8 x 1.3) '
2333 CP(NF)-PO . 2/3-Fr (1.8 » 1.2)
2302b CP(NF)-PO N\ 2/3-BT 1/3-Fr (1.9 x 1.2)
. 2215b PP-LB-Ck St (2.2 x i.9) ,
2172 PP-LB-Ck SI-Tk (2.0 x 1.2)
o PHL 4 2260 (I); = 2540 (Sh)
i C. 557 . Temper vs Plate No. 40 (293 to 362 Bhn)
2688 CP(ANP)-PO BI 1/3-Sh-Fr-1S (1.6 x 1.4) 3
2660b CP(“&P)-PO BT 1.3-Sh-F:-1S (1.6 x 1.3}
- 2514b PP-LB-Ck BNR-.h-LS (1.5 x 1.4) !
) 2551 PP-LB Ck BI 1/3-Sh-F:-LS (1.4 x 1.4) ’
2233 PP-SB-NCk Sh, » 18 (1.5 x 1.3}
PEL - 2635 iv.
' 23
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Striking
Velocity

2779
7401
27260
2684
2597

2835
2644
2510
2224
; 2025
1952
, 1905h
| 1865
1860

2700
2453
2253
2420
E 20870
. 2026t
1943

Iv.

CONFICENTIAL

Thick Homogenecus Armor at 30° Obliquity (Cont'd)

Penetration Resuits
Plate Shot

D. 800° F Temper vs Plate No. 50 (302 to 311 Bhn)

CP(ASP)-PO BI 1/3-Sh-Fr-LS
CP(A8P)-PO BI 2/5-Sh-Fr-1S
CP(A)-POS BI 1/3-Sh-Fr-LS
PP-1L8-Ck BI 2/5-Sh-Fe-LS
PP-LB-NCk BI 2/5-Sh-Fr-LS

PRL ~ 2740 fps

V. Firing with 20 mm AP T33 Shot (Lot 2165) against 7/8-inch
Homogeneous Armor at 20° Obligiiiiy

A. 250° F Temper vs Flate No. 49 (293 to 302 Bhn)

CF(NF)-PO I 1/3-Fr
CP(NF-PO BI 1/3-Fr
CP(NI)-BP SI-Ck
CP(NI)-PO ST
CP(ASP)-PO BI 1/3-Fr
CP(ABP)-PC SIIP
(P(A)-POS SI
PP.LB-Ck SI
PP-LB-Ck SI

PBL = 1930 fps

B. 350° F Tem.er vs rlate No. 50 (302 to 311 Bhn)

CP(ASP)-BS s1

(P(NF)-BS BI 1/4-Fr
CP(NI)-PO 51

CP(NF)-BS NI 2/3-B1 1/3-%¢
CF(N1)-BS s1

CP(A)-POS NI 2/3 BI 1/5 Fr
CP(A)Y-POS >,

PEL « 2055 fps

24
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Firing with 20 mm AP T33 Shot (Lot 2105) against 7/8-inch
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V. Firing with 20 mm AP T33 Shot (Lot 2163) against 7/8-1nch
) Homogensous Armor at 20° Obliquity (Cont'd)
¢
Striking Penetration Results
Velocity Plate Shot Scoop®
C. $50° F Temper vs Plate No. 49 (293 tc 302 Bhn) ;
2657 CP(NS)-PO BI 1/3-Sh-Fr-15 (1.5 x 1.43 ’
2560b PSS - Sh-Fr-LS (1.5 x 1.3)
2470b CP(A)-POS BI 1/3-Sh-Fr-LS (17 x 1.7}
2312 PP-LB-Ck Ny */4-BT 1/2-Sh-Fr-18 (1.7 x 1.2)
2263 PP-1B-Ck NI i1/3-Bl 3/4-Fr 18 1.7 x 1.3)
2225 CP(NI)-PO S1-Ck (1.5 x L.
t 2210b criAa/)-Po NIIP-RT 1/3-Fr (vsSx 1.D)
R 2157L P-LB-Ci NI 2/3-B1 1/3-Fr (1.0 » 1.2
; 2108 (P-iB-ia NI 2/3-B1 1/3-Frx (1 x 1.1)
2085 (P(A)-LB-Ck SI (1.5 x 1.2)
pPBL - 2185 (I): 8 2515 (Sh)
D. 800° F Temper vs Plate No. 50 (302 to 311 Bha)
. » 2638 CP(NS)-PO Bl 2/5-Sh-Fr-LS (1.6 x 1.3)
.- 2628bH CP(AAP}-PO Bl 2/5-Sh-Fr-LS (1.6 x 1.3)
2538b PP-LB-Ck BI 2/5-Sh-Fr-LS (1.5x% 1.9
2516 PP-LB-Ck B1 2/5 Sh-Fr-LS (1.5 x 1.3)
1969 PP-VSB-NCk BI 2/5-Sh-Fr-LS (1.3 » 1.2)
: 1948 PP-VSB-NCk BI 2/5-Sh-Fr-LS (1.3 x 1.3)
’ PBL - 2010 fps ;
2. .
}
'
i
VI. Firing with 20 mm AP T33 Shot /Lot 2165) agsinst 1 1/8-inch
' llowc gencous Armor at 30" Obliquity
A. 250° F Temner us Ciate No. 16 (321 to 331 Bhn)
- 1370 CP(NS)-PO AShIP-LS (1.6 x 1.8)
h 1364b CP(Ar)-PO NShiP-LS (1.8x 1.7)
Sy PO b Bl 1/3-Sh-Fr-LS (1.8 x 1.7)
’ 30 P-L8-NCk Sh-Fr-1$ (1.7x 1.7
| 2655 PP-MB-NCk B 1, 3-Sh-Fr-LS (1.5 % 1.5)
! 261S P -NB-NCk Sh-T LS (2.5 x 1.%)
. 2490 PP -SB-NCk BI 2/5-Fr (2.4 x 1.3)
* 2258 Pr-SH-NCk ¥t "3-F (2.9 % 1.4)
o PRL - 3335 to
&
28
~%
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VI. Firing with 20 mm AP T33 Sint (Lot 216S) against 1 1./8-inch
Homngeneous Amor at 30° Obliquity (Cont'd)

Striking Penet ‘ation Resul’s
Velocity P.ate Skt Scoap?

B. 450° F Temper vs Plate No. 16 (321 (o 33! Bin)

3405 CP(NS)-PO BI 1/4-Sh-Fr-LS (1.5 x 1.6)
3349b CP(NS)-PO Sh-Fr-LS (1.: x 1.8)
32675 CP(A)-POS Sh-Fr-LS (1.8 x 1.7)
3260 PP-LB-NCk Sh-Fr-LS (1.6 x 1.7)
PHL = 3320 fps
C. 550° F Temper vs Plate No. 15 (321 to 331 Bhn)
3378 CPifv.)-PO NShI’-Fr-LS (1.6 x 1.7)
3274% CP(NS)-PO NShlP-F--1S (1 8 1.7
3248t PP-LB-Ck Sh Fr-LS (1.7 x 1.6)
3210 P¥'-LB-Ck BI 2/5-Sh-Fr-LS (1.8 x 1.€°
rBL = 3260 fps
D. 8)0°F Temper vs Plate Ne. 15 (321 to 331 Bhn)
3563 CP(A)-POS BI 1/3-ShIP (1.7 x 1.6)
3498 PP-LB Ck BI 1/3-ShIP (1.8 x 1./,
PBL > 3565 fps
VII. Firing with 20 mm AP T33 Shot (Lot 2165) against ) 1/8-inch
Homogeneous Armor at 20° Obliquity
A. 250° F Temper vs ¥late No. 16 (.21 to 331 Bhn)
3168 CP(NS)-PO BI 1/3-Sh-Fr-LS (1.7 x 1.7)
3096 PP-1B-Ck Rl 1/3 Sii-Fr-LS (1.7 x 1.5)
3073b CP(NS -9 BI 1/3-Sh-Fr-1S (1.6 x 1.8)
3020b PP-LB-POS Sh-Fr-18 (LT x 1.7)
913 PP-LE-Ck BI 1/4-Sh-pFr-LS (1.7 x1.5)
2904 oo 1u Py By 12shrr Lo (1.8 a 1.3)
2498 CP(ASP): PC BI 1/4-Sh-Fr-L8 (YIv1 )
2412b CP(A&P)-P NI 2°3-B" 1 3-T. (1.6 x 1.2)
2403b PP-18-Ck NI 3/5-Bl 2 %-Fr (I.6 x . 2)
2144 PP-LR-NCX S1 (1. x 1. 2)

PBL - 2408 (I): - 3050 (S

26
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’
VII. Firing with 20 nm AP T33 Shot (Lot 2165) against 1 1/8-inch
Homogeneous Armor at 20° Obliquity (Cont'd)
Striking Penstration Resu.cs
Velozity Plate Shot Scoopd
B. 350° F Temper vs Plate No. 15 (21 to 331 Bhn)
3321 CP(ASP)-PO BI 2/3-Sh-Fr-LS (1.6 x 1
3259b CP(NS)-PO BI 1/2-Sh-Fr-LS (1.6 x 1
3191b PP-LB-POS BI 1/4-ShIP (1.6 x 1
2996 PP-LB-Ck Bl 1/4-ShIP (1.6 x 1
2606 CP{A&P)Y-PO stnip AR RS
2528b CP(ASP)-FO SIIP (Lax1
2487b CP(A)-POS S1IP (iox 1
2388 CP{n,-POS SICk (1.4 x 1
PEL - 2505 (I}; = 3225 (Sh)
C. SS0° T Temper vs Plate No. 16 (321 to 331 Bhn)
. 3084 CP(NS)-PO BI 1/3-Sh-Fr-18 (1.7x 1
. ' 3080 CP(NS)-PO BI 1/3-Sh-Fr-LS 1.7x1
3020b CP(ASP)-PO BI 1/2-Sh-Fr -LS (1.7 x 1
. 2977b PP-LB-Ck BI 1°3-Sh Fr-LS (1.6 < ?
2910 PP-LB-NCk Sh-Fr-LS (1.7 x 1
2390 PP-SB-NCk BI 1/2-Sh-Fr-LS (1.5 x 1
i 2170 PP-VSB-NCk BI 1/ Sh-Fr-LS (1.7 x 1
| PBL « 3000 fps
i
)
D. ®00° F Tempe- vs Plate No. 15 (321 to 33! Rhn)
3605 r(AS) -BS 3I 1/3-8h-LS (1.8 x ¢
3589 CP(NS)-BS Sh-iS (1.7x 1
3538 CP())-POS Sh-LS (1.8 x 1
kLIRS CP(ARP)-BS RT 1/3-Sh-LS (1.7 x 1
d 494« PeAY-Y S BI 1 3-8Li-Ls (1.4 x 1
) 3455¢ CP/AN‘; BS 51 1.3-Sh-LS (1.8 x 1
130 PP-LE-POS RT 1.3-Sh.LS TRAE
3208 "P-L3-POS BI * 8 5h 'S (1.7 x 1
3060 P-1B POS BI 1’5 Sh-LS (1 7x1

TRI . 3490 fos
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